Employing a modified cultivation method, we studied two bacterial strains, UC10 and UC38 T , found on the Kyonggi University campus, Suwon in Gyeonggi-Do province, South Korea. These strains were non-spore-forming, Gram-stain-negative, motile and rod-shaped. Growth occurred in the presence of 0-2 % (w/v) NaCl, at pH 4-9 and a temperature range of 4-35 C. On an R2A agar plate incubated for 5 days at 28 C, irregular, raised and pale-yellowish colonies were observed. Comparative analysis of nearly full-length 16S rRNA gene sequences indicated that these strains were closely related to Variovorax guangxiensis GXGD002 T , with 98.6 % similarity. DNA similarity between these novel strains and reference strains of the genus Variovoraxwas less than the 70 %. Based on these results, strain UC38
; and 97.3-97.4 % to V.ariovorax boronicumulans BAM-48 T . The predominant ubiquinone was Q-8. The primary polar lipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. The major fatty acids were C 16 : 0 , summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c) and C 17 : 0 cyclo. DNA-DNA hybridization assays indicated 89.2-91.4 % genomic DNA similarity between strains UC10 and UC38
T . Moreover, genomic DNA similarity between these novel strains and reference strains of the genus Variovoraxwas less than the 70 %. Based on these results, strain UC38 T was designated a representative of a novel species of the genus Variovorax, with the proposed name Variovorax humicola sp. nov. The type strain is UC38 T (=KACC 18501 T =NBRC 111520 T ).
Alcaligenes paradoxus was considered a member of the genus Alcaligenes (Davis et al., 1969) ; however, this species possesses many different characteristics from its siblings in the genus Alcaligenes and the family Alcaligenaceae. In 1991, Alcaligenes paradoxus was reclassified in a new genus named Variovorax. Members of this new genus are Gram-negative bacteria belonging to the family Comamonadaceae, class Betaproteobacteria (Willems et al., 1991) . They have been isolated from contaminated soil (Willems et al., 2005) . Seven members of the genus Variovorax have been described: Variovorax paradoxus (Davis et al., 1969; Willems et al., 1991) , V. dokdonensis (Yoon et al., 2006) , V. soli (Kim et al., 2006) , V. boronicumulans (Miwa et al., 2008) , V. ginsengisoli (Im et al., 2010) , V. defluvii (Jin et al., 2012) , and V. guangxiensis (Gao et al., 2015) . Previous studies suggested that species of the genus Variovorax are capable of degrading some substrates and facilitate important biodegradative processes in nature. For example, the common plastic poly(enriched lactate-co-3-hydroxybutyrate) is a refractory environmental contaminant, but it is broken down by members of the genus Variovorax (Mergaert et al., 1993 (Mergaert et al., , 2000 Sun et al., 2014) . Members of the genus Variovorax also degrade chitin (Otsu et al., 2003) and cellulose (Talia et al., 2012) . V. paradoxus JMP116 is capable of enzyme production to digest highly toxic compounds such as 2,4-dichlorophenoxyacetic acid (Fisher et al., 1978) . Furthermore, some species of the genus Variovorax are found in areas of metal pollution; they tolerate various metals including Zn, Cu, Ni, Co, and Cd (Belimov et al., 2005) . Notably, Belimov et al. (2009) (Tschech & Pfennig, 1984 ; NaOH, 0.5 g; Na 2 SeO 3 Á5H 2 O, 3 mg; Na 2 WO 4 Á2H 2 O, 4 mg; distilled water, 1000 ml); 2 ml trace element SL-10 (Widdel et al., 1983 ; HCl, 10 ml; CoCl 2Á 6H 2 O, 190 mg; CuCl 2 Á2H 2 O, 2 mg; FeCl 2 Á4H 2 O, 1.5 g; NaBO 3 , 6 mg; MnCl 2 Á4H 2 O, 100 mg; Na 2 MoO 4 Á2H 2 O, 36 mg; NiCl 2 Á6H 2 O, 24 mg; ZnCl 2 , 70 mg; distilled water, 990 ml)]. Next, 100 µl soil suspension (1 g soil in 10 ml VL55 medium; thoroughly stirred and settled) was inoculated in the insert chamber. The plates were incubated in a shaking incubator for 4 weeks at 120 r.p.m. and 25 C. The suspension was diluted in R2A medium (g l -1
: protease peptone, 0.5; yeast extract, 0.5; acid digest of casein, 0.5; glucose, 0.5; soluble starch, 0.5; dipotassium phosphate, 0.3; magnesium sulphate, 0.024; sodium pyruvate, 0.3; agar, 15; pH 7.2), and 100 µl aliquots were spread on modified medium [containing 0.01 % R2A (w/v); 20 % VL55 medium (v/v); 50 % extracted soil (v/v); in 1 l distilled water; adjusted to pH 5.8 before sterilization]. These agar plates were incubated under aerobic conditions at 25 C for 3 weeks. The colonies were streaked individually on R2A agar plates, and this procedure was repeated until an isolated colony was obtained. The colony was stored in a 20 % glycerol stock at À70 C until needed.
Under consistent environmental conditions, we compared morphological and physiological characteristics of the novel strains with those of the related reference type strains. Cell size was estimated using a transmission electron microscope (H-7650, Hitachi). Spore-and Gram staining were performed using the method of Rohde (2011) . Motility, indole and H 2 S production were tested on S.I.M medium (Oxoid). DNase activity assays were carried out on DNase agar (Oxoid), and the clear zone was detected by adding1 M HCl. Degradation of substrates was assessed following established procedures [starch (Wheater, 1955; Krieg & Padgett, 2011) , Tweens 40, 60 and 80 (Sierra, 1957) ]. Catalase activity was determined by measuring bubble production in 3 % (v/v) H 2 O 2 . Oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. Growth was evaluated at different temperatures (4, 10, 15, 20, 25, 28, 30, 35, 37, 45, 50, 55 and 60 C) , various pH values (pH 4.0-11.0; at intervals of 1 pH unit) and in the presence of various NaCl concentrations (0-10 %, at intervals of 1 %) for tolerance assessment after incubation for up to 5 days on R2A broth (MB cell). Bacterial growth under anaerobic conditions was tested with a BBL gaspak anaerobic system, using a dry anaerobic indicator strip (BD) to check for oxygen presence in the chamber. API 32 GN and API 20 NE kits (bioM erieux) were used to compare assimilation of sole nitrogen or carbon sources; meanwhile, API ZYM strips were used to determine the presence of enzymes in the species compared.
Strains UC10 and UC38
T grew well on R2A agar, but not on MacConkey agar. On R2A agar plates, colonies appeared within 2 days at 28 C. The colonies were irregular, raised and pale yellowish. Individual cells were rod-shaped (Fig. 1 T could hydrolyse DNA. Other details of our observations of differential phenotypic characteristics for these strains are given in Table 1 .
To examine the cellular fatty acid profiles of the two novel strains and their reference type strains, cells were prepared on R2A agar plates at 28 C for 2 days in aerobic conditions, following the methods of Sasser (1990) . The Sherlock Microbial Identification System (MIDI) was utilized to analyse fatty acid methyl esters by gas chromatography (HP 6890 series GC system; Hewlett-Packard) and the Microbial Identification software package (v. 6.08; MIDI database: TSBA6 6.21). C 16 : 0 , summed feature 3, summed feature 8, C 17 : 0 cyclo, C 12 : 0 and C 10 : 0 3-OH were components present in all strains. Both strains contained similar proportions of the major components, which we defined as major fatty acids at >10 % abundance: C 16 : 0 (29.4-30.2 %); summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c, 24.6-25.1 %); summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c, 18.2-19.2 %); and C 17 : 0 cyclo (15.4-16.2 %). Other minor components (>1 %) were also detected, consisting of C 12 : 0 (2.8-3.0 %), C 10 : 0 3-OH (2.1-2.7 %) and C 18 : 0 (1.2-1.3 %) ( Table 2 ). The major fatty acid components of species of the genus Variovorax seem similar to those of the closely related genera, including Xenophilus, Caenimonas, Curvibacter and Pseudorhodoferax. However, species of the genus Variovorax can be distinguished from those of the genus Xenophilus by the presence of several kinds of hydroxy fatty acids, C 8 : 0 3-OH, C 10 : 0 3-OH, C 16 : 1 2-OH, C 16 : 0 2-OH and C 18 : 1 2-OH (Blümel et al., 2001) . Members of the genus Variovorax were also different from those of the genus Curvibacter; C 8 : 0 3-OH was a major hydroxy fatty acid of the genus Curvibacter (Ding & Yokota, 2004) , meanwhile C 10 : 0 3-OH was a major hydroxy fatty acid of the genus Variovorax. C 10 : 0 3-OH was found in three genera, Variovorax, Caenimonas and Pseudorhodoferax; however, species of the genus Variovorax could be distinguished from these genera by the significant presence of C 18 : 1 !7c 11-methyl and C 15 : 0 in the genus Caenimonas (Ryu et al., 2008) , or Summed feature 2 (C 12 : 0 aldehyde, iso-C 16 : 1 I and/or C 14 : 0 3-OH) in the genus Pseudorhodoferax (Bruland et al., 2009) ; contrastingly, members of the genus Variovorax did not contain these components.
Polar lipids were extracted according to the procedures described by Collins & Goodfellow (1979) . Then, 15 µl sample was applied to TLC silica gel 60 (Merk); the solvents for developing the system and reagents were used following the method described by Minnikin et al. (1984) . Total lipids were observed by spraying with phosphomolybdic acid reagent 5 % (v/v) solution in ethanol (Sigma Aldrich) at 160 C for 30 min; the spots were identified by spraying with ninhydrin reagent (Sigma Life Science) at 110 C for 5 min, which detects free amino-group-containing lipids; and molybdenum blue spray reagent (Sigma Life Science), to detect phosphorus-containing-lipids at room temperature. Glycolipids were identified using a-naphthol at 100 C for 5 min (Jacin & Mishkin, 1965) , and the presence of phosphatidylcholine was confirmed through Dragendorff's reagent (Sigma Aldrich). Strain UC38 T contained phosphatidylethanolamine (PE) as a major polar lipid; smaller amounts of other lipids were also detected including diphosphatidylglycerol (DPG) and phosphatidylglycerol (PG), three unidentified polar lipids and two unidentified aminolipids (Fig. S1 , available in the online Supplementary Material). PE, PG and DPG were reported previously in V. guangxiensis (Gao et al., 2015) and V. soli (Kim et al., 2010) . Ubiquinone was extracted according to the protocol of da Costa et al. (2011) , and we confirmed its identity via HPLC using a UV detector. The predominant ubiquinone was Q-8, a typical isoprenoid quinone of species of the genus Variovorax reported previously (Kim et al., 2006; Yoon et al., 2006; Miwa et al., 2008; Im et al., 2010; Jin et al., 2012; Gao et al., 2015) .
For further experiments, genomic DNA of strains UC10, UC38
T and other type strains was extracted following the method of Pitcher et al. (1989) . The 16S rRNA genes were amplified using PCR with forward primer 27F and reverse primer 1492R (Frank et al., 2008) . Sequencing was performed with an Applied Biosystems 3730 xl DNA analyser using the Big Dye terminator cycle sequencing kit v.3.1 (Applied Biosystems). To determine the taxonomic position of both strains, phylogenetic analysis was performed to compare the 16S rRNA gene sequences of these organisms with those of other species of the genus Variovorax. The nearly full-length 16S rRNA gene sequences were identified and their pairwise sequence similarities to published 16S gene sequences of other strains were estimated using the EzTaxon server . This analysis revealed that strains UC10 and UC38 T were closely related to V. guangxiensis GXGD002 T , with 98.6 % similarity. EzTaxon calculated that UC10 and UC38 T 16S sequences were 98.0 % similar to that of V. soli GH 9-3 T ; 97 % to Caenimonas terrae SGM1-15 T ; and less than 97 % 16S rRNA gene sequence similarity to the other species in the family Comamonadaceae. Tree topologies were reconstructed using CLUSTAL X (Thompson et al., 1997 ), Kimura's two-parameter model (Kimura, 1983) and MEGA6.0 (Tamura et al., 2013) , with bootstrap values based on 1000 replications (Felsenstein, 1985) . We combined neighbour-joining, maximum-parsimony and maximum-likelihood trees into one consensus tree. The consensus tree indicated that species of the genus Variovorax are monophyletic. Moreover, strains UC10 and UC38 T occupy a unique position within the genus Variovorax (Fig. 2) . Additionally, phylogentic analysis revealed that members of the genus Variovorax had a close relationship with the genera Xenophilus/Caenimonas/Curvibacter/Pseudorhodoferax///; however, species of the genus Variovorax were arranged in a group and displayed a clear phylogenetic relationship with the other genera mentioned. The topologies were supported by high bootstrap values (Fig. 2) .
For DNA-DNA hybridization (DDH), DNA samples were purified by electrophoresis on 1 % agarose gels. Sample concentrations were quantified based on their 280 nm/260 nm absorbance ratios (MaestroNano spectrophotometer; Filled circles indicate branches of the tree that were also recovered using the maximum-parsimony and maximum-likelihood tree-making algorithms. Aquabacterium commune B8 T (AF035054) was used as the outgroup.
Maestrogen). DDH was performed between the two isolated strains and closely related species, according to the procedure described by Ezaki et al. (1989) . Levels of DNA-DNA relatedness were determined using a VICTORTMX2 2030 multilabel reader (PerkinElmer). DNA-DNA relatedness between strain UC10 and UC38 T was 89.2 % (reciprocal 91.4 %), greater than the 70 % value indicating distinct species in a genus (Wayne et al., 1987) (Wayne et al., 1987) , suggesting that strains UC10 and UC38
T should represent a novel species within the genus Variovorax. DNA G+C content was determined using HPLC (Mesbah et al., 1989) . The DNA G+C content of strains UC10 and UC38 T was 65.4 mol% and 66.2 mol%, respectively.
The 16S rRNA gene sequences of these two strains were highly similar to those of their siblings. However, in light of the divergences revealed by our phylogenetic analysis, DNA-DNA hybridization experiments and lipid profiling, we consider strains UC10 and UC38
T as representatives of a novel species of the genus Variovorax. We propose the name Variovorax humicola sp. nov.
Description of Variovorax humicola sp. nov.
Variovorax humicola (hu.mi¢co.la. L. n. humus soil; L. suff. -cola inhabiting; N.L. n. humicola soil-inhabiting).
Gram-stain-negative, motile by gliding and non-spore-forming rod-shaped cells (1.5-2Â0.4-0.6 µm). Growth occurrs on R2A, trypticase soya, nutrient and Luria-Bertani media, but not on MacConkey medium. The optimal medium for growth is R2A. On an R2A agar plate, colonies are irregular, raised and pale yellowish. Growth occurrs at 4-35 C (optimally at 25-30 C) and pH 4-9 (optimally at pH 7-8). No growth is observed with 2 % NaCl (v/v) or under anaerobic conditions. Catalase-and oxidase-positive; hydrolyses DNA and Tween 80; weakly hydrolyses Tween 40; does not hydrolyse urea, Tween 60, starch, milk or aesculin. Neither indole nor H 2 S production are observed. In the API 32 GN KIT, able to use lactic acid, 3-hydroxybenzoic acid, 3-hydroxybutyric acid, 4-hydroxybenzoic acid, D-glucose and D-sorbitol; weakly uses L-rhamnose. No utilization of N-acetyl-glucosamine, maltose, D-ribose, inositol, sucrose, itaconic acid, suberic acid, sodium malonate, sodium acetate, L-alanine, potassium 5-and 2-ketogluconate, glycogen, L-serine, salicin, melibiose, L-fucose, L-arabinose, propionic acid, capric acid, valeric acid, trisodium citrate, L-histidine or L-proline. Using the API 20 NE KIT, acid production from D-glucose, and assimilation of D-mannitol, D-glucose and malic acid are observed. Nitrate reduction to NO 2 -) and phenylacetic acid utilization proceed weakly. No utilization of L-arginine, D-mannose, maltose, N-acetyl-glucosamine, urea, L-tryptophan, aesculin, gelatin, 4-nitrophenylb-D-galactopyranoside, L-arabinose, potassium gluconate, capric acid, adipic acid or trisodium citrate. In assays with the API ZYM KIT, alkaline phosphatase, leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase are present; weakly positive reactions are indicated for cysteine arylamidase and a-glucosidase; negative results for esterase (C4), esterase lipase (C8), valine arylamidase, b-glucosidase, lipase (C14), trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, N-acetyl-b-glucosaminidase, a-mannosidase and afucosidase. The predominant ubiquinone is Q-8. The major fatty acids are C 16 : 0 , summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c) and C 17 : 0 cyclo; C 10 : 0 3-OH is a major hydroxy fatty acid. The primary polar lipids are diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine.
The type strain is UC38
T (=KACC 18501 T =NBRC 111520 T ), isolated from a forest topsoil in Kyonggi University campus, Suwon in Gyeonggi-Do province, South Korea. The DNA G+C content of the type strain is 66.2 mol% (HPLC).
